and 1 month later 6 of them were injected daily (10 h after 'dawn') with 2 mg melatonin. The other 5 animals served as controls. Blood samples (every 10 min for 6h) were taken just before and 38 and 72 days after the start of melatonin treatment. As the experiment progressed, LH pulse frequency increased by 20% in melatonin-treated goats but decreased by 43% in controls. Mean LH values were maintained in melatonin\x=req-\ treated females but decreased in the control group. Melatonin did not affect pulse amplitude.
Introduction
Seasonal changes in the reproductive activity of sheep are governed by changes in the activity of the hypothalamo-pituitary axis. The secretion of gonadotrophins, particularly the frequency of LH pulses, increases before and during the annual breeding season (Scaramuzzi & Martensz, 1975; Yuthasastrakosol et al., 1977) . Studies with ovariectomized ewes bearing oestradiol implants suggest that this is mainly due to changes in the responsiveness of the hypothalamus to negative feedback by ovarian oestrogen (Legan et ai, 1977) . During the sexual season the hypothalamus shows little response to oestrogen and LH pulse frequency is high, whereas during anoestrus the hypothalamus is very responsive to oestrogen and LH pulse frequency is low (Goodman et ai, 1982; Martin et al., 1983) . In turn, the seasonal cycles in hypothalamic activity are apparently caused by an effect of photoperiod on the circadian rhythm of melatonin, a pineal hormone which affects the hypothalamic systems controlling the release of pulses of gonadotrophin-releasing hormone (GnRH; Hoffmann, 1981; Bittman, 1984; Herbert, 1984; Karsch et al., 1984;  Kennaway, 1984; Hansen, 1985) .
As with sheep, the dairy goat is seasonally polyoestrous with a breeding season in autumn induced by changes in photoperiod (Bissonnette, 1941) . This similarity led us to suggest that intact female goats would show increased pulse frequency at the onset of the breeding season and that these seasonal changes in pulse frequency were mediated by melatonin-induced differences in responsiveness to gonadal feedback. This article describes three experiments in which we tested these hypotheses.
Materials and Methods
Animals. The experiments were done on adult female goats of the Saanen dairy breed which were maintained at the INRA Station near Tours (45°N) where they had ad-libitum access to feed and water. Ovarian activity in the intact goats was monitored by measuring progesterone concentration in blood samples taken twice weekly, using a qualitative assay which allows the detection of a functional corpus luteum (Terqui & Thimonier, 1974; Thimonier, 1978) . A progesterone concentration > 1 ng/ml plasma in a single sample of the series was accepted as evidence of ovulation.
Hormone profiles. Jugular blood was sampled for 6 h, either every 10 min (ovariectomized animals) or every 20 min (intact animals) and the plasma was immediately separated and stored at -18°C until assayed. We measured LH concentrations using the sheep LH assay developed by Pelletier et al. (1982) , modified by Montgomery et al. (1985) and validated for goats by Chemineau et al. (1982) . All samples from a single experiment were included in the same assay to avoid the problems of inter-assay variation in pulse analysis. The limit of detection was 0-1 ng/ml and the intra-assay coefficient of variation was 12%.
Progesterone concentrations were measured using the quantitative assay described by Yenikoye et al. (1981) , which has a limit of detection of 01 ng/ml and intra-assay coefficient of variation of 10%.
Oestradiol-17ß was measured with the assay developed by Thibier & Saumande (1975) . The limit of detection was 2 pg/ml and the intra-assay coefficient of variation was 11%. Specificity of this assay was verified by normal cross-reaction procedures and also by assaying extracts before and after purification by h.p.l.c. Values for plasma oestradiol-17ß in goats include 30-40 pg/ml in the late follicular phase, 10 pg/ml in seasonal anoestrus (Chemineau et al., 1982 ) and 3-4 pg/ml after ovariectomy (present study). These contrast with values provided by the same assay for the ewe, such as 6 pg/ml during anoestrus, 3 pg/ml after ovariectomy and < 1 pg/ml after combined ovariectomy and adrenalectomy (unpublished (Kennaway & Seamark, 1980) . The injections were given 10 h after dawn ( 15:30 h) to simulate the melatonin pattern of short days, a treatment which should theoretically advance the breeding season (Chemineau et al., 1986 Pulse detection and statistical analysis. The serial samples were analysed for LH pulses using the algorithm, 'Pulsar', developed by Merriam & Wächter (1982) . The G parameters (the number of standard deviations by which a peak must exceed the baseline in order to be accepted) were 3-98, 2-40, 1 -68, 1 -24, and 0-93 for G!-G5, these being the requirements for pulses composed of one to five samples which exceed the baseline, respectively. The Baxter parameters describing the parabolic relationship between the concentration of a hormone in a sample and the standard deviation (assay variation) about that concentration were 001344 (b,, the y intercept), 003813 (b2, the x coefficient) and -0003237 (b3, x2 coefficient). The pulse frequency, mean pulse amplitudes (the difference between pulse peak and preceding nadir) and the mean level of LH were calculated for each profile. They were used in the analysis of treatment effects, which were tested by split-plot analysis ofvariance (Dagnélie, 1970) and paired ; test (Snedecor & Cochran, 1980) .
Results

Experiment 1
Ovulation was detected in the first goat at the end of August, in 13 of the 20 goats by midSeptember and in all 20 by the end of September (Fig. 1 ). In the anovulatory animals, the concentration ofoestradiol did not change significantly over the period ofobservation and remained around 10 pg/ml. There were, however, significant effects of sampling time on the secretion of LH pulses. As the season progressed, average pulse frequency increased progressively such that the frequency at the end of the period was 65% above the frequency at the beginning (P < 001). At the same time, the mean level of LH increased by 47% (P < 001). Two examples of individual profiles are given in Fig. 2 . Statistical analysis also revealed a change in pulse amplitude with time (P < 005) but the maximum in early September was followed by a fall the following week and so the pattern was not clear.
Experiment 2
Plasma concentrations of oestradiol were significantly (P < 005) higher in the goats treated with oestradiol implants (breeding season, 6-5 + 0-3 pg/ml; anoestrus, 6-5 + 1-0 pg/ml, mean + s.e.m.) than in untreated goats (breeding season, 3-4 + 1-4 pg/ml). Oestradiol was undetectable ( <2 pg/ml plasma) in one ovariectomized goat during the breeding season. Similarly, progesterone was undetectable in plasma in the absence of the intravaginal implant, which raised the concentration to 1-33 + 0-5 ng/ml. The frequency of LH pulses (Fig. 3) was significantly affected by sampling time (P < 001) and oestradiol (P < 001), but not by progesterone (data not shown). Profiles from a control and an oestradiol-treated doe are given in Fig. 4 . The very small effect of season on pulse frequency in the absence of oestradiol (5% lower during anoestrus than during the breeding season) was not statistically significant, but there was a very large effect in the presence of oestradiol (54% lower during anoestrus than during the breeding season; P < 005; Fig. 2 ) and so there was a significant interaction between oestradiol treatment and sampling time (P < 001). The interaction between oestradiol and sampling time exerted similar effects on the mean levels of LH ( Fig. 3 ; P < 001). LH pulse amplitude was significantly ( Fig. 3 ; P < 001) higher in goats treated with oestradiol than in untreated goats, but was not affected by season or progesterone.
Experiment 3
Comparison of the period before melatonin treatment with the subsequent periods demonstrated a significant decrease (by 43%) in pulse frequency between the first and the last period (P < 0-01) in the control group (Table 1 ). In contrast, there was a significant increase (by 20%) in the melatonintreated group between these same two periods (P < 005). These effects were not significant when All the animals bore subcutaneous oestradiol-17ß implants and were injected 10 h after dawn every day with vehicle (Controls, N = 5) or 2 mg melatonin (N = 6). The LH profiles were studied before treatment began (Period 1), after 38 days treatment (Period 2) and after 72 days treatment (Period 3).
gland to the inhibitory effects of oestradiol. This conclusion is consistent with the experiments with ovariectomized goats, in which seasonal changes in pulse frequency were observed in the animals treated with implants which provide constant circulating concentrations of oestradiol.
The ewe also secretes LH pulses infrequently during the anoestrous season (review: Martin, 1984) , although the transition to frequencies characteristic of the breeding season may be more abrupt in the few weeks before ovulatory activity begins (Poulton et al., 1987) . Despite this minor difference, it appears that the mechanism underlying the effects of season on reproductive activity is the same for both goats and sheep, namely a change in the responsiveness of the hypothalamus to negative feedback by ovarian steroids (review: Karsch et ai, 1984) . However, LH secretion in the ovariectomized ewe also appears to be directly affected by photoperiod in the absence of gonadal steroids, an observation which has led to suggestions that steroid-independent pathways are also involved in seasonal reproductive cycles (Goodman et al., 1982; Montgomery et al., 1985) . Our data from ovariectomized goats which were not treated with oestradiol suggest that this may not be the case for this species. We interpret this cautiously, however, because the responsiveness of the hypothalamus to season is lost in long-term ovariectomized animals (Montgomery et ai, 1985) and the degree to which it is expressed depends largely on the degree of seasonality of the breed under consideration (Martin, 1984) . More detailed study, perhaps including other breeds, is therefore required before we could conclude that steroid-independent mechanisms do not exist in goats.
In the present study, the oestradiol implants reduced the frequency of LH pulses in ovari¬ ectomized goats by about 50% during the anoestrous season. This response contrasts with that in ovariectomized ewes treated with identical implants in the same laboratory, in which LH pulses are often completely blocked (Martin et al., 1988) . This difference between the species in their responsiveness to negative feedback by oestradiol is reflected in the circulating concentrations of the steroid in intact animals, which appear to be 2-3-fold higher for goats than for sheep (e.g. Karsch et ai, 1980; Chemineau et al., 1982) .
In ovariectomized goats, the amplitude of the LH pulses was increased by oestradiol in both the breeding and the anoestrous seasons. Similar effects have been observed in goats in Australia by Sutherland (1987) . We expected oestrogen fluctuations to increase in amplitude during anoestrus because a reduction in pulse frequency is generally accompanied by an increase in pulse amplitude, ostensibly because the extra time between pulses allows pituitary stores of LH to accumulate (Martin, 1984) . However, a similar effect during the breeding seson was not expected because studies in sheep have suggested that, at that time of year, oestradiol reduces the responsiveness of the anterior pituitary gland to gonadotrophin-releasing hormone (GnRH) and thereby reduces LH pulse amplitude (Goodman & Karsch, 1980) . Why the two species should differ in this aspect, and the consequences of these differences on the reproductive systems, are not clear at this stage. However, these observations do support the suggestion that pulse amplitude does not play a major role in the regulation of ovarian function (Martin, 1984) .
Progesterone treatment had remarkably little effect on LH secretion in the ovariectomized goat. Sutherland ( 1987) used a similar treatment and also found little effect. Superficially, this also appears to contrast with the situation in the ewe, in which progesterone is a major component of the feedback loop controlling LH pulse frequency (review: Martin, 1984) . However, LH pulse frequency in intact goats is lower during the luteal phase and increases when progesterone concentrations fall at luteolysis (Sutherland, 1987) . In both of the studies with ovariectomized goats, the circulating concentrations of progesterone provided by the implants were low and variable, and failed to reproduce the concen¬ trations (5-10 ng/ml) normally seen in the intact goat during the luteal phase (Chemineau et al., 1982; Sutherland, 1987 ). It appears that progesterone does not affect LH pulse frequency in this species unless it is present in the plasma at concentrations of > 3 ng/ml (Sutherland, 1987) and so the implants were inadequate to test fully the role of progesterone in negative feedback. Again, it is most likely that the goat and ewe are similar, with LH pulse frequency controlled during the luteal phase by a synergistic interaction between progesterone and oestradiol (Martin et al., 1983; Wallace & McNeilly, 1986) . The differences between the species are therefore quantitative rather than qualitative, a supposition which should be tested by studies incorporating dose-responses for the steroids.
In Exp. 3, the imposition of long days led to a gradual decline of LH pulse frequency in ovariectomized goats treated with oestradiol. Daily treatment with melatonin, injected at an hour chosen to reproduce the duration of short-day secretion of this pineal hormone, inhibited this decrease and ultimately led to frequencies which differed significantly between the groups. This effect supports the contention that the duration of melatonin secretion is involved in controlling the hypothalamic system which commands the release of pulses of gonadotrophin-releasing hormone in the goat, as it does in the ewe (Bittman et al., 1985; Karsch et al., 1984; Hansen, 1985) . The species do appear to differ, however, in the delay between the initiation of short-day (or melatonin) treatment and the LH or ovulatory response. For the dairy goat, this delay is at least 70 days (Mori et al., 1982; Chemineau et al., 1986 ; P. Chemineau, unpublished data) and so is about 25 days longer than for the ewe (Karsch et al., 1984; Thimonier, 1986) . This probably explains the lack of a significant effect of melatonin injections after 38 days of treatment in the present study.
In conclusion, the data presented here suggest that the effects of season on reproduction in the sheep and goat are mediated by similar mechanisms. It appears that a change in the duration of the night-time melatonin pattern alters the hypothalamic responsiveness to oestradiol, and this leads to changes in the frequency of LH pulses. A low pulse frequency switches off the reproductive system and a high frequency switches it on.
